Larval food plants (LFPs) of Sri Lankan butterflies are poorly documented in the historical literature and there is a great need to identify LFPs in conservation perspectives. Therefore, the current study was designed and carried out during the past decade. A list of LFPs for 207 butterfly species (Super family Papilionoidea) of Sri Lanka is presented based on local studies and includes 785 plant-butterfly combinations and 480 plant species. Many of these combinations are reported for the first time in Sri Lanka. The impact of introducing new plants on the dynamics of abundance and distribution of butterflies, the possibility of butterflies being pests on crops, and observations of LFPs of rare butterfly species, are discussed. This information is crucial for the conservation management of the butterfly fauna in Sri Lanka.
Introduction
Butterflies go through complete metamorphosis and have two stages of food consumtion. In the adult stage butterfly mandibles are developed into a tube-like proboscis facilitating feeding on liquids. In the adult stage butterflies are not limited to specific plant species for food and many species also feed on non-herbaceous materials such as bird droppings. The larval stage has chewing appendages, so their food type, vegetation, is completely different from the adult stage (d 'Abrera, 1998; Kunte, 2000) . Very rarely some butterfly larvae are carnivorous i.e., Spalgis epeus (Woodhouse, 1949) . As all herbivorous insects show some degree of host selectivity (Bernays & Chapman 1994) , many butterfly larvae feed on a limited number of identical plant species (Wiklund, 1975) , which is basically determined by the chemical composition of those plants (Kunte, 2000) . Though they have a specialization on a set of closely related plants (Ehrlich & Murphy, 1988; Ward & Spalding, 1993) , their preference of plants and different parts of plants could vary among genotypes and among individuals with different phenological and physiological conditions (Wiklund, 1984) . The most common plant component which is consumed by larvae is immature leaves while some prefer mature leaves, flowers, fruits, seeds and roots. Behaviors and body structure of larvae are compatible with the plant component that they feed on. Caterpillars injest a majority of the nutrients required for growth and development into the adult stage, as well as chemicals required for the colors and defensive strategies in their adult stage (Boppré, 1984) .
At present, Sri Lanka is inhabited by 245 butterfly species including 26 endemic species. (van der Pootern, 2012; Jayasinghe et al., 2013) . Two new arrivals from other countries have been added to the list -Catopsilia scylla (van der Pootern & van der Pootern, 2012a) , Cephrenes trichopepla (van der Pootern & van der Pootern, 2012d) and the presence of Spindasis greeni was confirmed recently (van der Pootern & van der Pootern, 2012c) . Moore (1880-1881) documented a small number of butterfly larval food plants (LFPs) in Sri Lanka, based on his local studies. Woodhouse (1949) enhanced this list based on the data given him by E. E. Green, Tunnard, Manders and Wiley. Although in his account early stages of 191 butterfly species have been documented, only 80 were based on Sri Lankan material while others were taken from Indian studies, which are not purely compatible to LFP preference and body color pattern of local butterfly larvae. Also, some plants were not identified to species and other plants have not been recorded in Sri Lanka. Recently van der Pootern & van der Pootern (2011 -2013 published more work on early stages of selected species including their larval food plants along with a comparison with historical studies.
The flora of Sri Lanka consists of 4,143 flowering plant species which some 25% are exotics and 20% represent endemics; this information is based on the series of "Revised hand book to the flora of Ceylon -vol I-XIV" (Senarathna, 2001) . More species remain to be added to the Sri Lanka plant list according to recent studies (de Vlaas & de Vlaas, 2008; Fernando & Ormerod, 2008) . Food of butterflies makes a significant role in determining their distribution, abundance and movement (Kunte, 2000) and the availability of LFPs is of prime importance for having a breeding population in a certain habitat (VaneWright, 1978) . Identification of LFPs is valuable information for conservation management of butterflies. Some species are capable of adapting to novel LFPs to maintain a viable population even in manmade habitats, including certain species that turn out to be pests of crops. But highly food-specific butterfly caterpillars require the conservation of their special habitats including specific plants for their survival. The available data on LFPs of Sri Lankan butterflies is not sufficient for many butterfly species considered to be high among conservation priorities. The current study is focused on presenting an updated LFPs list of Sri Lankan butterflies based on both published and unpublished data on local material and eliminating Indian records published in local literature. Most of the plants in our revised-updated Sri Lanka list are recorded for the first time. It is our expectation that the publication of this list will stimulate further caterpillar foodplant studies, including preferences and geographic distributions.
Materials and Methods
This work is primarily based on ongoing studies initiated by the authors in 2002. Field studies were conducted throughout the island with limited access to northern and eastern regions. Observations on butterflies were carried out in all habitat types where butterflies are found, ranging from dense forests to urban home gardens. When female butterflies were observed searching for LFPs they were followed until they laid eggs. Also, suspected foodplants were searched thoroughly, especially when plants showed chewed leaves or the presence of caterpillar frass.
Eggs and larvae were collected and reared until maturity in captivity with repeated supplement of fresh plant materials on which they were found. Suitable materials such as sticks, leaves, bark, fruit shells, leaf litter and sand were provided for pupation. All the necessary data (e.g. color patterns of different instars; behaviours of larvae; durations of different instars and pupa; collected location, date and habitat; feeding materials) were recorded in field note books and if available, photographs were taken. The lab-rearing studies were carried out in Buththala (6.771N, 81.260E) Butterfly species were identified from the adult stage acquired either at the time of ovipositing or after eclosing following the lab-rearing study. Taxonomic authority followed that of d 'Abrera (1998) and Woodhouse (1949) . Nomenclature was used after van der Pootern, 2012 with a single correction (Kawahara, 2013) . Detailed photographs of LFPs including leaves, flowers and fruits were taken with either Cannon 40 D, Cannon 60 D or Cannon 7 D fitted with Canon 100mm EF 2.8 Macro USM lens or Canon 100mm EF 2.8L Macro IS USM lens. The photographs were compared with the descriptions of "Revised hand book to the flora of Ceylon -vol I-XIV" and "Illustrated field guide to the flowers of Sri Lanka vol 1 , vol 2 (unpublished) for identification.
All previously published data based on studies over the last ten years are also included in this compilation. Some published historical data have not been considered given that the relevance of those data had been discussed in great detail already (van der Pootern & van der Pootern, 2011 -2013 . Unpublished data by other investigators are also included but only if verified by detailed photographs. In such cases plant species were identified by the authors. Information of authorships may be found on The Plant List (www.theplantlist.org) or on GRIN (www.ars-grin.gov). The families recognized here are based on the findings in APG-III (2009).
Results and Discussion
LFPs of 207 butterfly species (84 % of total species in Sri Lanka) are listed in this study with 785 plant-butterfly combinations. Spalgis epeus epeus larvae are feeding on mealy bugs (Woodhouse, 1949) and Spindasis greeni is assumed to feed on ant brood (van der Pootern & van der Pootern, 2012c A total of 480 plant species (more than 11% of total plant species present in Sri Lanka) representing 70 families are recorded as butterfly LFPs in the current study, 462 species are identified to the species level while the remaining 18 are identified only to the genus or family level. In Sri Lanka, 124 plant species (more than 25% of total LFPs) listed in this document are exotic, introduced as ornamentals, food crops, medicinal plants, symbolic plants, cover crops, or weeds with some introduced more than 2000 years ago. LFPs for 77 butterfly species include at least one exotic plant. Most of the Sri Lankan butterfly LFPs belong to the family Fabaceae, presently 104 species. The Poaceae take second place by having 31 species. Similarly, these two families are also reported in the top rank in the studies carried out at Andaman, Nicobar Islands and Nagpur city in India (Veenakumari et al., 1997; Tiple et al., 2010) . Axonopus compressus (Poaceae) is used by nine butterfly species, the highest number of butterflies on a single foodplant.
Though the impact of exotic plant introductions on the distribution and population size of butterflies cannot be precisely determined without detailed historical data, the number of exotic LFPs and the number of butterflies that use exotic plants as LFPs implies that these plants have a significant impact on recent changes in Sri Lankan butterfly populations. The recent introduction of the exotic Plumbago capensis as an ornamental plant likely resulted in an increase in the population of Leptotes plinius plinius around Colombo, historically known from the dry zone (Woodhouse, 1949) . Cycas revoluta is another introduced ornamental plant that is host to Chilades pandava lanka, even in the heart of the city of Colombo and is the only butterfly species in Sri Lanka that feeds on gymnosperms. Graphium sarpedon teredon and Lampides boeticus feed on the alien invasive species Annona glabra and Ulex europaeus, respectively. Everes lacturnus lacturnus has shifted to the recently introduced plant, Desmodium uncinatum (de Vlas & de Vlas, 2008) and now the butterfly is common along railroads and abandoned lands around Haputale (6.768′N, 80.957′E) and Bandarawela (6.830′N, 80.988′E) where the plant is naturalized.
Since the initial identification of Catopsilia scylla in 2008, it appears the species has extended its range to the Mid Hills (Jayasinghe et al., 2013) and a breeding population has been observed on another exotic ornamental plant, Senna divaricata, at Laxapana (6.9271′N, 80.4841′E) in the western Mid Hills. Now it is also found commonly in eastern Mid Hills and it was observed laying eggs at Bandarawela on S. spectabilis, which is another exotic plant. The latter plant has become naturalized and spread up to Wellawaya and the butterfly also can be seen in between these locations. Recently it has been collected on a native plant -Senna tora -and sucessfully reared to adulthood. Hence its further spreading is expected into the dry zone, where S. tora is common. In a different example Cephrenes trichopepla has adapted to a native plant, Phoenix pusilla, in the dry zone after it was initially found in the western wet zone around Colombo. It is a worthwhile study to recognize the status of the Talicada nyseus nyseus, which was a common butterfly even in 1950 's (Woodhouse, 1949 ). It's only known LFP in Sri Lanka is Kalanchoe pinnata, a native plant to Africa that is a now pantropical weed. There are only two other plant species of this family in Sri Lanka; K. laciniata and K. floribunda which are exceptionally rare in the wild (Dassanayake, 1999) . Perhaps this butterfly also has come here with the introduced plant and then become naturalized or it was very rare before the introduction of K. pinnata and then became abundant as the exotic plant spread.
To date only four butterfly species were recorded to use a single LFP, each feeding on an exotic plant. Charaxes solon cerynthus feeds on Tamarindus indica, which was introduced to the Indian region at least 3000 years ago (de Vlas & de Vlas, 2008) . The much rarer Catapaecilma major myosotina is regularly found to feed on a Psidium guajava in a home garden at Etampitiya (6.9381N, 80.9870E) . It has shown a symbiotic relationship with a Crematogaster ant, and there may be other plants that are used by this butterfly when the ants are present. Though Notocrypta curvifascia curvifascia is found only to feed on Zingiber zerumbet, it is most probable that it has other native plants hosts since many Zingibaraceae species are found in the butterfly's habitat. The endemic Ypthima singala has been successfully reared on Axonopus compressus in the lab after collecting eggs found on an unknown grass; at present no native LFP is known. This butterfly must have a native LFP and further studies should carry out to reveal it. The other endemic butterfly recorded feeding on exotic plants is Mycalesis subdita, however, only under lab conditions. Many cases are known for when native plants that were restricted to a certain region were then planted into another region and then became host to a new breeding population of a butterfly. For example, Crataeva adansonii is naturally restricted to the low country dry zone (Dassanayake, 1996) , especially in coastal areas but it is occasionally planted in the wet zone due to its medicinal and ornamental value. Appias lyncida taprobana uses this plant as its sole LFP and is also restricted to breed in dry lowlands, however, it also disperses all over the country in migratory flights. A continuous breeding population of A. lyncida was observed from 2003-2007 on C. adansonii planted in the wet zone at Katubedda. Apparently Appias adults populated a new point locality discovered as a result of their migrating behavior. Tylophora pauciflora is a rare plant in the dry zone (Dassanayake, 1983) , which is now commonly planted in gardens in Colombo and vicinity, for its green leaves. Parantica aglea aglea readily use this plant as a LFP in these areas. There are 41 plant species which are endemic to Sri Lanka among the 342 native plants that are recorded as LFPs. Additional studies on butterfly LFPs are needed in protected areas where remnants of pristine TAPROBANICA VOL. 06: NO. 02 habitats and the endemic flora could reveal new foodplant records.
Few butterfly caterpillars feed on economically important crops, but the impact on these crops by larvae are yet to be studied thoroughly. The main crop in Sri Lanka is rice, Oryza sativa, with production of 3,975,000 tons and covering 740,000 ha of land area (11.8% of the total land area of the country) in year 2012 (Department of census and statistics, Sri Lanka, 2013). Rice is a crop that is used by eight species of butterflies, the highest number of butterfly species associated with a agricultural commodity. However, to date all of the records of these larvae feeding on rice were obtained from observations in a no-pesticide paddy field at Haldummulla. Only Parnara bada bada has been seen in high numbers while other species were found in very limited numbers. Vigna unguiculata and Phaseolus vulgaris are two other commercial crops which are suitable for Jamides bochus bochus and Jamides celeno tissama all over the country and for Euchrysops cnejus cnejus in the dry zone. In fact, these three species are pests and farmers rely on pesticides to overcome their larvae.
Some papilionids such as Papilio demoleus demoleus, Papilio polytes romulus and Papilio polymnestor parinda feed on various planted Citrus species, but do not cause severe damages. Though Virachola isocrates is a pest of many fruits in India (Woodhouse, 1949) , it is restricted in Sri Lanka to the fruits of naturally growing Limonia acidissima. Eurema hecabe hecabe has some negative impact on Sesbania grandiflora saplings, but the impact ceases once the plant is grown up to a few feet high because female butterflies never fly above such a heights to lay eggs. Though the larvae of Jamides alecto meilichius consume seeds and flowers of Elettaria cardamomum it has not been observed that they are causing any significant damage. There are many other LFPs of this butterfly, in the vicinity of these plantations. Cheritra freja pseudojafra is recently found on Cinnamomum verum, but it is very unlikely to become a pest due to its scarcity. Papilio clytia lankeswara also feeds on C. verum, but its first preference is Litsea glutinosa, which is a common wild plant.
It is evident that most butterflies are restricted to certain species of plants save for few exceptions. Only 37 butterfly species are using LFPs of more than one plant family. Generalistfeeders are indeed the minority. Neptis hylas varmona is in the top rank for having greatest number of LFPs (30 species; six families), which is followed by Euploea core asela (29 species; two families), Jamides bochus bochus (20 species; one family) and Graphium agamemnon menides (20 species; two families). Having such a large number of LFPs contributes to the large populations and wide distribution of these butterflies. Among these 37 generalist-feeding species many use closely related plant families. Arhopala amantes amantes, Arhopala centaurus pirama, and Zesius chrysomallus feed on many plants irrespective of the family, but always where the ant, Oecophylla smaragdina, is colonized.
Sixty-seven species out of total 207 butterfly species listed here are recorded only with one LFP each. However, we suspect there must be more than one larval food plant for many of them and further studies should be carried out to discover additional relationships. Notably, only a few species seem to be limited to a single plant. Among the 67 single LFP species, nine are endemic to Sri Lanka and it is unlikely to have more than one LFP for many of these species. Also, LFPs of only eight species were identified up to now out of 21 critically endangered species (van der Pootern, 2012). Five of these species are reported only with a single LFP. The distribution of the critically endangered Phalanta alcippe ceylonica in Sri Lanka is highly localized, where it is known from wet zone slopes of Knuckles Mountain Range (approx. 7.381′N, 80.851′E). Its sole LFP, Rinorea decora, is endemic to this mountain range (Dassanayake, 1996) and is exceptionally rare, treated as an "Extinct" species in the Red Data List, 2012. Recently, Phalanta alcippe was recorded in a forest patch within the premises of University of Sabaragamuwa (6.710′N, 80.791′E) (S. Morawaka pers. Comm. 2013), where it was previously mentioned only as "It has been taken very rarely in Rathnapura District" by Woodhouse (1949) , with no exact location and with some uncertainty. Two other probable LFPs that can occur in the Rathnapura District are R. virgata and R. bengalensis which are treated as "Vulnerable" and "Extinct" respectively in Red Data List, 2012. Immediate remedial actions have to be taken to propagate the plants of this genus to ensure the conservation of this unique butterfly.
Recently, the critically endangered Catochrysops panormus panormus was found feeding on Flemingia macrophylla, previously treated as "possibly extinct" in Red Data list, 2012. This plant is quite common in that location, but we have only seen a single plant cluster beyond this location. Another six critically endangered butterfly species are using fairly common plants as their LFPs. Detailed studies on micro requirements are of prime importance to conserve both these endemic and critically endangered species.
The listing of LFPs for butterflies remains a work-in-progress. New reords are yet to be discovered, including, the recording of LFPs for the remaining butterflies with no known food plants and additional LFPs for butterflies with already known LFPs and to determine micro requirements of those butterflies such as food preference, micro habitat requirements, symbiotic relationship with ants, parasitism, and the population dynamics of butterflies in relation to life cycle dynamics of their LFPs. There is a possibility of adding numerous Poaceae species to the list, since we did not pay much attention to this family due to difficulties in identification of species. Finally, it is recommended that government agencies and other interested parties use these research data in their conservation management of the butterfly fauna in Sri Lanka.
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